Background: Triple-negative breast cancer (TNBC) is an invasive and lethal form of breast cancer. PI3K pathway, which often activated in TNBC patients, can be a target of miR-NAs. The purpose of this study was bioinformatic prediction of miRNAs targeting the key genes of this pathway and evaluation of the expression of them and their targets in TNBC.
Introduction
B reast cancer is one of the most prevalent neoplasms in women [1] . About 7.1 million women worldwide are diagnosed with this type of cancer and approximately 500,000 of them die from it annually [2] . Triple-negative breast cancer (TNBC) is a highly invasive and lethal form of breast cancer that does not represent any of estrogen receptors, progesterone receptors and human epidermal receptors 2 (HER2) [3, 4] . Concerning the fact that traditional breast cancer treatments are not so effective, modern and accessible therapeutic methods are required for treating this type of breast cancer. One of these developing methods is targeted therapies [5, 6] . miR-NAs are small non-protein coding RNAs with an approximate length of 20-25 nucleotides. Binding of these molecules to 3′-untranslated regions (3′-UTR) of their target genes results in mRNA cleavage or translation repression [7] [8] [9] . In the past few years, different reports indicated a large number of miRNAs were involved in the pathophysiology of breast cancer. In general, the expression of tumor suppressor miRNAs can be significantly down-regulated whilst oncogenic miRNAs are up-regulated in breast cancer. Furthermore, different subtypes of this malignancy including TNBC show a specific expression profile of miRNAs [6, 10, 11] . Phosphatidylinositol 3-kinase (PI3K)/ Akt/mTOR signaling, which is also called PI3K signaling pathway, promotes cell proliferation, survival, metabolism, and metastases and its aberrant activation is considered as a center for growth, survival and dynamics of cancer [6, [12] [13] [14] . PI3K from class IA of PI3Ks is the major role-player in this pathway. This enzyme phosphorylates phosphatidylinositol 4 and 5-bisphosphate (PIP2) to phosphatidylinositol 3, 4 and 5-triphosphate (PIP3). PIP3 activates AKT, a serine/threonine kinase, which affects the growth, survival and cell cycle of cancerous tissue [15] [16] [17] . Several studies have shown dysregulation of this pathway in triple-negative and other subtypes of breast cancer that leads to proliferation and cellular invasion [14] . Bioinformatics are up-to-dated and low-cost methods that absorbed a lot of attention today. These software tools and programs can predict miRNAs targeting a specif-ic target gene in a short time based on biology and computer sciences [18] . To achieve more valuable results, several programs can be simultaneously utilized. One advantage of using these methods is to limit target sites for experimental verification [19] [20] [21] . Hence, the first purpose of the present study was to recruit bioinformatics for the prediction of miRNAs targeting PIK3CA and AKT1 mRNAs. Then, the expression of predicted miRNAs and their targets was investigated in breast cancer clinical samples and cell lines. The results of this study could be the starting point for further investigation of the diagnosis and treatment of TNBC.
Material and Methods

miRNAs Prediction
To predict miRNAs which target PI3K and AKT mRNAs, bioinformatic software applications including TargetScan [22] , Micro-Cosm [23] , DIANA Tool [24] , miRanda [25] , microPIR [26] , miRTarBase [27] , miRDB [28] , miRWalk [29] , miRNAMap [30] , miR-Gator [31] , miRSearch [32] were used.
Primer Design for Investigating the Expression of Genes and miRNAs mRNA sequences of target genes were received from GenBank, NCBI (www.ncbi.nih. nlm.gov). Then by Using Allele ID 7.0 and Oligo7 software, the best pair of forward and reverse primer was designed. Due to the small size of miRNAs, their expression analysis by conventional primer pairs is not possible. Therefore, the Stem-loop structures were used for cDNA synthesis based on the previously published studies [33, 34] . Table-1 .
Extraction of Total RNA and Synthesis of cDNA
The extraction of total RNA was performed by Gene All Hybrid-RTM purification kit (Korea) according to the protocol presented by manufacturer. Extracted RNA's concentration was evaluated applying bio photometer (Eppendorf, Germany) and the quality of RNAs was investigated by gel electrophoresis. Then, synthesis of cDNA for genes and miRNAs was performed using Random hexamer and RT Stem-loop primers, respectively. and RevertAid® RT enzyme (Thermo scientific TM, USA) [33] . SNORD 47 and HPRT1 house-keeping genes were used in order to normalize the expression of miRNAs and target genes, respectively.
Quantitative Real-Time Polymerase Chain Reaction (PCR)
Analysis of gene expression was performed in triplicates by Real-time PCR assay and the final volume was 13 μL, containing 4.5 μL dH2O, 1 μL cDNA (diluted at a ratio of 1/3), 0.5 μl of each reverse and forward primers (10 μM) and 6.5 μL RealQ Plus 2X Master Mix Green, High ROX TM (Amplicon, Denmark 
Receiver Operating Characteristic (ROC) Curve Analysis
For assessing the diagnostic value of predicted miRNAs, the area under curve (AUC) was calculated by ROC curve analysis. To achieve the best cut off point, the Youden index ([specificity + sensitivity]-1) was applied.
Statistical Analysis SPSS version 18 (SPSS, Inc., Chicago, IL, USA) and GraphPad Prism were used for statistical analysis and graph preparation, respectively. REST® 2009 was applied to analyze the results of Real-time PCR. This program applies ΔΔCT method for analysis. This software compares the expression level in groups of treated and control samples using iterations. Furthermore, the Mann-Whitney non-parametric test was used for comparing differences between tumor samples and normal surrounding tissues. Statistically, the P-value less than 0.05 was considered significant.
Results
Predicting miRNAs Targeting PIK3CA and AKT1 miRNAs were predicted applying bioinformatic software mentioned before. We arranged the results of TargetScan from the highest probable seed match 8mer to the lowest probable interactions. Then, miRNAs were investigated in other software and eventually miRNAs with the highest achievedscore were chosen. The hsa-miR-576-5p was selected as the miRNA targeting PIK3CA mRNA, hsa-miR-501-3p as the miRNA targeting AKT1, and hsa-miR-3143 as the miR-NA targeting both of these mRNAs (Table-2 ). The bioinformatics analysis also revealed that the selected miRNAs had highest score and at least one binding site in the 3′-UTR of their target mRNAs (Table-3 ).
MiRNAs and Genes Expressions in MDA-MB-231
Analysis of real-time PCR assay demonstrated the expression of miR-576-5p, miR-501-3p, and miR-3143 in the MDA-MB-231 cell line was decreased by 18.18, 9.4 and 7.4 folds, respectively in comparison with MCF-10A cells (Figure-1A ). Our findings also indicated the expression of both PIK3CA and AKT1 genes were significantly increased by 185 and 26 folds, respectively in the MDA-MB-231 cell line compared to normal cells (Figure-1B) . According to statistical analysis, the relative expression of all three miRNAs was statistically significant (P<0.05). Furthermore, the increase in the expression of target genes and the decline in the expression of miRNAs were significant between MDA-MB-231 and MCF-10A cell lines (P<0.05). 
miRNAs and Genes Expressions in Clinical Specimens of Triple-Negative Invasive Ductal Carcinoma
Analysis of the miRNAs expression in 18 tumor samples compared with the tumor's marginal tissue demonstrated that, interestingly, the expression of miR-576-5p, miR-501-3p, and miR-3143 decreased with an average of 16.9, 5.4, and 22 folds, respectively (Figure-2) . The results also demonstrated that the expression of the PIK3CA gene in %83 of samples had an average increase of 3.1 folds (Figure-3A) . The results also showed the expression of AKT1 in %83 of samples has an average increase of 82.5 folds and in one of the samples, it had been increased by even 6315 folds (Figures-3B) . Furthermore, the relative expression of all genes and miRNAs was significant (P<0.05) in tumor samples compared to the normal ones.
Diagnostic Value of miR-576-5p, miR-501-3p, and miR-3143 Expressions in TNBC
ROC curve analysis of miR-576-5p revealed that the AUC value was 0.872 (95% confidence interval [CI]=0.764-0.981), and the best cut off point was 0.191 with the Youden index of 0.650, sensitivity of 80%, and spec-ificity of 85%. For miR-501-3p, AUC value was 0.770 (95% CI=0.623-0.917), and the cutoff point of 0.178 with the Youden index of 0.450 was selected as the best. The sensitivity of 85% and specificity of 60% were obtained for this point. Eventually, the best-calculated cut off point for miR-3143 was 0.159 with Youden index of 0.650, sensitivity of 80%, and specificity of 85%. The AUC value of this miRNA was 0.894 (95% CI=0.785-1, Figure-4 ).
Discussion
miRNAs are a large family of regulatory RNAs that cause post-transcriptional gene silencing. Changes in miRNAs expression profiles are one of the characteristics of different kinds of cancers including TNBC. TNBC, an aggressive subtype of breast cancer with poor prognosis, contains 15-20% of all cases of breast cancer. This type of breast cancer lacks specific markers for therapies, hence the main method in its treatment is chemotherapy. miRNAs-based targeted therapy is one of the developing new strategies [16, [35] [36] [37] [38] [39] . Concerning different pathways that are dysregulated in TNBC, PI3K/AKT/mTOR pathway Hadavi R, et al. miRNAs Targeting PI3K Pathway in TNBC was selected in this study due to its relation to the proliferation and survival of the patients. PI3K is one of the critical components of this pathway. PIK3CA gene that encodes catalytic α subunit of PI3K and also AKT1 gene, which is the downstream mediator of PI3K, were chosen as the target genes in the study [6, 12, 16, 38, 40, 41] . PIK3CA (catalytic subunit alpha of PI3K) is an oncogene located on chromosome 3q26.32 and is composed of 23 exons. AKT1 gene (AKT serine/threonine kinase 1) is an oncogene on chromosome 14q32.33 and is composed of 16 exons. Previous researches were inconsistent with our study and have shown up-regulation and the role of these two genes in cancers such as breast cancer. Cossu-Rocca et al. found that in 23.7% of TNBC cases, PIK3CA gene has been mutated. Therefore, PI3K pathway dysregulation and mutations in PIK3CA are commonly reported in TNBC [42] . The results of a study performed by Aleskandarany et al. showed that PIK3CA is an oncogenic biomarker, and its overexpression is significantly associated with the higher tumor grade, tumor invasion, axillary lymph node metastasis and vascular invasion in breast cancer patients. Therefore, it can consider a biomarker of breast cancer progression associated with poor prognosis. Also, in their study, 82.9 % of no special type case and 88.2% of medullary carcinoma showed overexpression of PIK3CA [43] . The results of the study performed by Ahmad et al. showed that AKT1 in breast cancer cell lines is overexpressed regardless of their estrogen receptor status [44] . Sun et al. found that the activity of AKT1 gene in breast, prostate, and ovarian cancers was increased, particularly in advanced tumors, and it has an important role in tumor development and progression [45] . Zhang et al. showed that miR-409-3p directly targets and inhibits AKT1 expression that leads to suppression of proliferation and invasion in breast cancer [46] . In this study, bioinformatics software and programs as mentioned in material and method part were used to predict miRNAs targeting PIK3CA and AKT1 genes. Finally, miR-576-5p and miR-501-3p, with the highest scores, were predicted as miRNAs targeting PIK3CA and AKT1 mRNAs, respectively. Moreover, miR-3143 was also predicted targeting both genes. To the best of our knowledge, there wasn't any previous report about the role of these miR-NAs in TNBC, except our previous in the parallel study that its results were in line with the current study and demonstrated down-regulation of these three miRNA in the MCF-7 cell line [47] . A study conducted on lung tumors by Mairinger et al. suggests that miR576-5p is significantly related to cell survival [48] .
In the study of Dong et al., the miRNAs expression pattern in the peripheral blood of glioblastoma patients and normal cases were obtained by microarray. The results showed that the expression of miR-576-5p increased on average 3.05 folds in glioblastoma patients compared to healthy individuals [49] while in [52] . In the case of miR-3143, the literature review also showed that there was only one article in PubMed referring to this miRNA. This study by Yilmaz et al. examined the expression of miR-3143 and some other miRNAs in the peripheral blood of Parkinson-suffering patients. By using real-time PCR method, they found that median expression value of miR-3143 was 0.4466 [53] . Our results showed that miR-576-5p, miR-501-3p, and miR-3143 were down-regulated in MDA-MB-231 and TNBC clinical specimens. ROC curve analysis showed that the declined expression of these miRNAs has a predictive value, i.e. AUC value of miR-3143 was nearly 0.9, which indicates the excellent discrimination between TNBC and normal samples.
In addition, based on our findings, PIK3CA and AKT1 genes were up-regulated in TNBC samples and cell lines.
Conclusion
The findings are in line with our hypotheses and indicate the possible negative correlation between the candidate miRNAs and their target genes. Given that PIK3CA and AKT1 genes promote proliferation and survival of tumor cells, their down-regulation by miR-NAs results in a decline in the proliferation of cancerous cells. Therefore, miR-576-5p, miR- 
